Electrophoresis, using either the classical method of Tiselius or zone electrophoresis on paper, has been widely employed in the study of serum and urinary proteins in myelomatosis, but so far few investigators have examined the diagnostic value of this procedure. In an attempt to make such an assessment, we have compared critically the results of electrophoretic analyses of serum and urinary proteins with those of other investigations commonly employed in establishing a diagnosis in this disease. Some aspects of this investigation have already been reported (Owen, Rider, and Stewart, 1956 ).
Methods
Total protein concentrations in plasma or serum were determined by one of two methods: (a) a microKjeldahl method, using a conversion factor of 6.25; (b) a colorimetric (biuret) method (Gornall, Bardawill, and David, 1949) . For the second method a calibration graph was constructed using sera whose total protein concentrations had been determined by the micro-Kjeldahl method. The two methods applied to the same serum gave results which did not differ materially.
Determination of plasma proteins as two fractions, usually designated " albumin " and "globulin," respectively, was carried out using a micro-Kjeldahl method with sodium sulphite as the fractionating agent (King, 1951) .
Urines were examined for the presence of protein by the heat coagulation test and by the salicylsulphonic acid test. Examination for the presence of Bence-Jones protein (protein soluble at 100°) was carried out according to the method recommended by Snapper, Turner, and Moscovitz (1953) .
Zone electrophoresis of serum and urinary proteins on paper was carried out according to the method described by Owen (1956) . This procedure, involving reflection photometry and planimetry, enables the relative concentrations of the main serum protein fractions (albumin, a1, a2, /B, and y globulin) to be calculated, and an estimate of the absolute concentrations of each fraction was obtained from the relative concentration and the total protein concentration. Possible errors in this procedure have previously been discussed (Owen, 1956) .
Before electrophoretic analysis urines were dialysed against dextran solution (" dextraven," Benger Laboratories, Ltd., 10°b w/v in 0.9% w/v sodium chloride) at 5°C. for 24 to 48 hours to concentrate the protein present.
The electrophoretic pattern of serum proteins was designated " myeloma " type (a) when a narrow zone of protein was present in a position not normally occupied or in the broad y-globulin zone (Fig. 1 , C and D), or (b) when a protein fraction normally present as a relatively narrow zone, e.g., a2 or ,B globulin, was so increased that it constituted 400,% or more of the total protein (Fig. 1, A and B) . 
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Haemoglobin was determined using the alkaline haematin method with optical densities measured on an Eel colorimeter, or using the oxyhaemoglobin method with a " unicam " G.P. photometer. Erythrocyte sedimentation rates (E.S.R.) were measured by means of the Westergren technique without correction for anaemia.
The investigation involved the examination of 40 patients with untreated generalized myelomatosis.
Biopsy of bone marrow or tumour confirmed the diagnosis in 33 cases and necropsy in a further two. In the remaining five cases a combination of other findings made the diagnosis practically certain.
Results
Serum protein patterns of the myeloma type were present in 33 patients, the electrophoretic mobility of the abnormal protein being approximately that of: a,2 globulin, one case (abnormal protein constituting 43% of total protein); globulin, five cases (42-70% of total protein); y globulin, 27 cases (11-28% of total protein).
In six of these cases urinary protein was examined. In four cases, the protein migrated mainly as a ,B globulin and was accompanied by traces of albumin and other globulins. In the other two urines, a mixture of proteins, predominantly albumin, was present.
Protein was present in the urine of six of the seven patients whose serum protein patterns were of the non-specific type, i.e., were normal or showed only minor changes.
In five urines almost all the protein migrated as a /8 globulin (Fig. 2) . The sixth urine was not examined electrophoretically. Thus, in all the patients with myelomatosis except two either the serum protein pattern was of the myeloma type or the urine protein consisted of a single globulin fraction.
In the course of analysing sera from some 500 other cases, four patients with serum protein patterns of the myeloma type wer'e encountered (Fig. 3) . Although certain featuret.suggest the presence of myelomatosis, a firm diagnosis has not yet been made. The relevant clinical and laboratory data on these cases have been summarized in Table I .
The distribution of haemoglobin values, E.S.R., total plasma protein and plasma globulin concentrations in the patients with myelomatosis are given in Fig. 4 . Many patients presented with anaemia and the E.S.R. was elevated in practically every case, although not always markedly. The total protein and globulin concentrations in the plasma were raised in many cases. These results, and other findings, are summarized in Table II (Waldenstrom, 1944 (Waldenstrom, , 1948 (Waldenstrom, , 1952 Mandema, van der Schaaf, and Huisman, 1955), a condition character-7 9 11 13 ized by the presence in serum ml.)
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Such protein is stated not to occur in the serum of patients vo sera. A with myelomatosis (Waldenstrom, 1952; Putnam om tempera-and Udin, 1953) although it was present in the )itate. In all serum of one patient believed to have myelorating as a y matosis described by Mandema et al. (1955) Soulier, 1953 ; Dustin and Vis, 1954; Standaert, 1954; Slater and Kunkel, 1953; Osserman and Lawlor, 1955; ten Thije, 1956 ). Occasionally two globulin fractions have been noted in the urine. In contrast, the protein which occurs in small amounts in normal urine (Rigas and Heller, 1951; McGarry, Sehon, and Rose, 1955) or that in urine in other diseases, e.g., the nephrotic syndrome, consists of several proteins, including albumin, which usually predominates (Gutman, 1948; Soulier, 1953; Dustin and Vis, 1954; Standaert, 1954; Sellers and Marmorston, 1956 ). Thus it may be concluded from our findings, and from those of others, that a proteinuria in which the urinary protein consists mainly, or even entirely, of one or two globulin fractions is diagnostic of myelomatosis except, rarely, when Bence-Jones proteinuria accompanies some other condition, as is discussed below. This is of particular diagnostic value in cases where the plasma protein patterns show only minor changes, since, in these cases, proteinuria is especially common (Olhagen, Thorell, and Wising, 1949; Janssen, 1951; Snapper et al., 1953; Putnam and Udin, 1953) .
Elevated total plasma protein and globulin levels have been reported in about 50% of cases (Table lII) . However, except when the elevation is considerable it is of little diagnostic value since similar findings occur in other conditions. Thus, King (1951) states that 1% of normal persons have total plasma protein concentrations greater than 8.2 g./100 ml. The examination of plasma proteins in a large series of hospital patients (Owen et al., 1956 ) revealed that 87 % of the patients with total plasma proteins greater than 8 g. / 100 ml. and 60 % of those with plasma globulin greater than 5 g./100 ml. suffered from diseases other than myelomatosis.
In the present series Bence-Jones protein was detected in only 27% of urines although the incidence of proteinuria (protein insoluble at 1000 C.) was much higher, as was found by Bayrd and Heck (1947 ), Soulier (1950 ), Snapper et al. (1953 , and ten Thije (1956) . From a practical point of view, the two main criteria on which the usual tests for Bence-Jones protein depend are unreliable. First, precipitation at relatively low temperatures (40'-600 C.) occurs with various other serum and urinary proteins (the pseudoBence-Jones of Snapper et al., 1953) . This depends on the pH (Owen, unpublished data) (Marrack and Hoch, 1949; Soulier, 1953) . Further, a considerable difference exists in the physico-chemical properties of the Bence-Jones proteins excreted by different patients (Moore et al., 1943; Rundles et al., 1951 ; Putnam and Stelos, 1953; Deutsch, 1955) so that conditions which are ideal for demonstrating the presence of one Bence-Jones protein may not be suitable for the demonstration of another. We have observed a case in which the urinary protein (a /3 globulin) had a molecular weight of about 35,000 but which did not show heat solubility either in the urine as passed or when isolated and added to normal urine, and similar findings have been reported by Dustin and Vis (1954) .
It is concluded that, as an aid to diagnosis, tests for the presence of heat-soluble Bence-Jones protein as usually carried out tend to be of little value because of the technical difficulties discussed above, because of the relatively low incidence of " positive " results in myelomatosis, and because of the occasional " positive" results obtained in other conditions (Geschickter and Copeland, 1928; Bayrd and Heck, 1947; Reiner and Stern, 1953; see, however, Snapper et al., 1953) . Possibly the more sensitive and, presumably more specific, precipitin test (Collier and Jackson, 1953) (Marchal and Mallet, 1948; Fadem and McBirnie, 1950; Hayhoe and Smith, 1951 ; Klein and Block, 1953; Hughes, 1954) .
Over 80% of patients with myelomatosis show some abnormality on radiological examination. It is generally agreed, however, that there is no single pattern which is diagnostic of the disease (Bayrd and Heck, 1947; Wallerstein, 1951; Heiser and Schwartzman, 1952 
